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Lack of pollen in the field is often a critical problem for beekeepers, 
especially in areas with intense agricultural activity, because of large 
monoculture plantings, and also because of inclement weather (too 
cold or dry) in some seasons during the year. Honey bee colonies that 
have limited access to pollen have a reduced capacity to rear brood, 
often provoking rapid population decline and sometimes, death or 
absconding of the colony. Supplying an alternative artificial source of 
proteins (pollen substitutes) is a viable alternative to promote colony 
maintenance, development and multiplication (Herbert, 1992).  
Beekeepers who work with Africanized honey bees have also found 
that the bees tend to abscond when no food is available. This is  
especially common in the Northeastern part of Brazil, where dearth 
periods can last eight months or more. 
Pollen substitutes must contain the essential nutritional elements 
to allow larval growth, colony development, adequate adult bee  
longevity and good reproductive capacity. Some substitutes are fed 
mixed with pollen, which adds nutritional value and makes the supplement 
attractive to the bees. However, pollen is expensive and can transmit 
disease organisms (De Jong, et al., 2009).  
Our objective has been to develop and determine the efficiency of 
artificial diets rich in proteins for honey bee colonies. These must 
efficiently replace natural pollen, be made of reasonably-priced  
ingredients, and they must be easy to prepare and feed to the bees. 
We tested the efficacy of our diets by measuring protein levels in the 
haemolymph of caged bees. Determination of protein concentration in 
the haemolymph of honey bee workers is an accurate method to evaluate 
the efficiency of protein diets (Cremonez et al. 1998). Groups of 100 
newly emerged workers collected from three different Africanized 
honey bee colonies were mixed and placed into hoarding cages maintained 
in an incubator, with no light, at 30°C and about 80% relative humidity 
during seven days. Each diet was tested three times. The groups of 
bees were supplied with one of five different proteinaceous diets 
(administered as a moist patty). Twenty grams of each diet was offered 
per week in 10 gram portions. For comparison, other groups of bees 
were fed a positive control (bee bread - pollen that had been processed 
by the bees, freshly collected from the comb) and a negative control 
(sucrose syrup) (Table 1). 
Although pollen is the natural source of proteins for honey bees 
(Brodschneider and Crailsheim, 2010), they normally consume it after 
a fermentation process, in the form of bee bread. We varied the  
proportions of the ingredients of the protein diets to determine the most 
efficient mixture, considering availability and the prices of the ingredients. 
The nutritional value for each ingredient was obtained by analyses 
made by the Laboratory of Animal Nutrition (Universidade Estadual 
Paulista "Júlio de Mesquita Filho" (UNESP), Jaboticabal, SP, Brazil). 
The selection of the ingredients and their proportions was made 
based on information concerning home-made diets produced locally 
by beekeepers and preliminary screening. Some of the materials  
supplied by beekeepers to their bees, such as finely ground corn meal, 
gave nearly no increase in haemolymph protein (data not shown), as 
also found by Cremonez et al. (1998). All of the groups were also 
supplied with 50% (w/v) sucrose syrup, ad libitum. 
An initial collection was made of the haemolymph of 10 newly 
emerged worker bees (15-20 h old, designated as 0 d old). After  
confinement and feeding on the different diets for seven days we found 
that the consumption rates were similar for all diets. We removed 10  
 bees from each cage and collected approximately 1 µl of haemolymph 
from each bee with a pipette from a drop that exuded from a small 
incision made by cutting the base of a wing with a micro dissecting 
scissors. The haemolymph from bees from each cage was pooled 
together and the protein level was quantified by a Bradford assay, 
with a spectrophotometer at a wave length of 595 mm (Cremonez et al., 
1998). The data were compared using ANOVA on Ranks and pairwise 
comparisons were made using Student-Newman-Keuls method with 
SigmaStat 3.5 software. The protein titers in the haemolymph (µg/µl) 
of the caged honey bees varied significantly among the diet groups  
(P = 0.004, ANOVA). We found no significant differences between 
four of the diets (1, 2, 4 and 5) in comparison with the bee bread 
group (Table 1). All of these proteinaceous diets gave protein levels 
superior to sucrose syrup (and the levels at day 0; the mean protein 
values from bees fed on the protein diets were significantly greater 
than those at day 0 (Table 1). In a pairwise analysis, comparing all 
the diets, we found no significant differences between the four best 
diets (Table 1). One of the diets (diet 2) gave higher protein levels 
numerically higher than bee bread, though the difference was not 
significant. Diet 3, which contained soy milk powder instead of soy 
meal, resulted in significantly lower protein levels in the haemolymph. 
Consumption of the various diets was similar, probably because of the 
relatively high concentration of sucrose in the patties. Possibly, the 
protein in the soy milk powder that we provided was less readily  
absorbed by the bees. Bees fed only sucrose solutions developed  
 
significantly lower titers of proteins in the haemolymph than the four 
best diets and the bee bread (Table 1), close to the levels found in 
newly emerged bees in previous studies (Cappelari et al., 2009;  
Cremonez et al., 1998; De Jong et al., 2009). Protein levels found in 
the newly emerged bees in our present study were greater than those 
found is previous studies; this is probably due to the season of the year 
when the studies were conducted. The bees used in Cremonez et al. (1998) 
and De Jong et al. (2009) were collected during the winter (dearth) 
season while in our present study, the bees were collected during the 
spring season. The lack of pollen in nature during winter season 
probably affected the initial level of protein in the haemolymph of the 
bees when they emerged, hence the lower values in the bees in these 
other studies. 
As in other parts of the world, agriculture has greatly changed the 
landscape of most parts of Brazil. At the same time that there is a 
greater need for bees to pollinate crops, natural sources of food for 
the bees have decreased. In order to keep the colonies well fed and 
healthy, they require nutritional supplementation, especially during 
dearth periods or when more bees are needed for pollination 
(Brodschneider and Crailsheim, 2010). Providing protein-based  
supplements during a period of lack of pollen in nature helps maintain 
colony vitality. Pollen substitutes made with locally-available ingredients 
can be a valuable resource for beekeepers to maintain and increase 
their colonies, though “home-brew” diets need to be tested objectively 
in the laboratory and the field to ascertain their efficacy. 
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Table 1. Diet ingredients, protein contents and effect on protein in the haemolymph after feeding newly-emerged worker bees for seven 
days. Haemolymph protein data for newly emerged (0-day old) bees (pooled for all trials) is included. Means followed by the same superscript 
letter are not significantly different (a = 0.05);Yeast = Sugarcane alcohol distillery yeast; SD = standard deviation; (g) = grammes.  
Diet Soy 
meal 
(g) 
Rice 
meal  
(g) 
Yeast 
(g) 
Soy milk 
powder 
(g) 
Corn 
meal  
(g) 
Lentils       
(g) 
Wheat 
meal  
(g) 
Sucrose 
(g) 
70%  
sucrose 
syrup (ml) 
% Protein 
in diet 
mg protein / ml 
haemolymph  
± SD 
1 15 10 5         10 15 13 24.0 ± 3.1a 
2 30 10 5         20 15 20 27.9 ± 1.0a 
3   15 10 15     10 30 15 16 16.4 ± 0.1b 
4 15   5   15     20 15 18 23.0 ± 0.8a 
5 20         10   20 30 8 20.5 ± 2.7a 
sucrose                   0 17.3 ± 1.4b 
Bee 
bread 
                  25 26.0 ± 5.4a 
0-day old 
bees 
                    14.4 ± 0.4b 
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